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Abstract

Background.—Reported outbreaks of invasive group A Streptococcus (IGAS) infections among
people who inject drugs (PWID) and people experiencing homelessness (PEH) have increased,
concurrent with rising US iGAS rates. We describe epidemiology among iGAS patients with these
risk factors.

Methods.—We analyzed iGAS infections from population-based Active Bacterial Core
surveillance (ABCs) at 10 US sites from 2010 to 2017. Cases were defined as GAS isolated

from a normally sterile site or from a wound in patients with necrotizing fasciitis or streptococcal
toxic shock syndrome. GAS isolates were emm typed. We categorized iGAS patients into four
categories: injection drug use (IDU) only, homelessness only, both, and neither. We calculated
annual change in prevalence of these risk factors using log binomial regression models. We
estimated national iGAS infection rates among PWID and PEH.

Results.—We identified 12 386 iGAS cases; IDU, homelessness, or both were documented

in ~13%. Skin infections and acute skin breakdown were common among iGAS patients with
documented IDU or homelessness. Endocarditis was 10-fold more frequent among iGAS patients
with documented IDU only versus those with neither risk factor. Average percentage yearly
increase in prevalence of IDU and homelessness among iGAS patients was 17.5% and 20.0%,
respectively. iGAS infection rates among people with documented IDU or homelessness were
~14-fold and 17- to 80-fold higher, respectively, than among people without those risks.

Conclusions.—IDU and homelessness likely contribute to increases in US incidence of iGAS
infections. Improving management of skin breakdown and early recognition of skin infection
could prevent iGAS infections in these patients.
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Group A Streptococcus (GAS) causes a range of disease, from mild infections, such as
pharyngitis, to life-threatening invasive disease, such as necrotizing fasciitis. Invasive GAS
(iGAS) infections are monitored at 10 US sites by the Centers for Disease Control and
Prevention’s (CDC) Active Bacterial Core surveillance (ABCs). The US rate of iGAS
infections rose from 4.0/100 000 in 2010 to 7.26/100 000 in 2017 [1, 2]. CDC estimated
that >23 000 cases and >1900 deaths occurred nationally in 2017. Outbreaks of iGAS
infection have been well described in long-term care facilities [3-6]. Since 2015, reports
of outbreaks of iGAS infection among people who inject drugs (PWID) and people
experiencing homelessness (PEH) in the United States, United Kingdom, and Canada have
increased [7-11].

Established risk factors for iGAS infections among adults include older age, exposure to
children with pharyngitis, household crowding, injection drug use (IDU), alcohol abuse,
and comorbid conditions such as human immunodeficiency virus (HIV) infection, diabetes,
cancer, and chronic heart and liver diseases. Skin breakdown from surgery, wounds, and
blunt or penetrating trauma also increase disease risk [3, 12].
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We used ABCs population-based surveillance to characterize patients with iGAS infection
and documentation of IDU, homelessness, or both during 2010-2017. We estimate
prevalence of IDU, homelessness, or both among patients with iGAS infections during
2010-2017; describe GAS strain distribution among these patients; and estimate US rates of
iGAS infections among PWID and PEH.

METHODS

Surveillance

ABCs is an active, population- and laboratory-based surveillance system that tracks iGAS
infections at 10 US sites, covering approximately 34.2 million people as of 2017 [2, 13].
The ABCs sites consistent since 2010 are listed in Table 1. ABCs defines an iGAS case
as infection in a surveillance area resident from whom GAS is isolated from a normally
sterile site (eg, blood) or from a wound culture in a patient with necrotizing fasciitis or
streptococcal toxic shock syndrome (STSS).

GAS Strain Characterization

GAS isolates collected prior to 2015 were emm subtyped. Isolates collected in 2015-2017
were characterized through whole genome sequencing and an associated bioinformatics
pipeline at the CDC’s Streptococcus laboratory, as previously described [14, 15].

Determination of IDU and Homelessness Status

We categorized patients with iGAS infection into four mutually exclusive groups: those with
documented IDU only, those with documentation of experiencing homelessness only, those
for whom both IDU and homelessness are documented, and those with neither risk factor.
ABCs categorized iGAS patients as PWID if IDU was documented in the medical record
within the past 12 months. In 2010, ABCs added “homeless” to a variable that captured
patient residence at the time of positive GAS culture. From 2010 to 2015, ABCs categorized
iGAS patients as PEH if they were documented as homeless or residing in a shelter. In 2016,
ABCs’ definition of homeless was expanded to include patients who resided in a mission,
medical respite, or church community center at the time of positive culture.

Statistical Analysis

We included all iGAS cases with culture dates 1 January 2010 to 31 December 2017. We
calculated proportions and Clopper-Pearson confidence intervals for univariate analyses of
demographic characteristics, clinical syndromes, and comorbidities among iGAS patients
stratified by the 4 risk factor groups described above [16]. Case fatality ratios were
calculated using outcome at the time of discharge from hospital, emergency department,

or clinic. We used log binomial regression models to calculate average percentage yearly
change in prevalence of IDU, homelessness, or both among all iGAS patients during 2010—
2017 by site and for all sites combined.

We stratified ermm types into the 17 most common types; remaining types were categorized
as “other.” We compared emm type prevalence among risk groups to prevalence among
iGAS patients with neither risk factor. We classified the 17 predominant emm types into 1 of
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48 functional emm clusters, which share structural and binding properties [17, 18]. Analyses
were performed using SAS software (version 9.4; SAS Institute, Cary, NC, USA).

Rate Estimates

We calculated the national iGAS infection rate among people with documented IDU during
2011, the most recent year for which a US population estimate was available for this
behavior [19]. Because this estimate was for the total US population aged =13 years

in 2011, we limited analysis of GAS cases to the same age range. We estimated the

national iGAS infection rate among PEH for 2010-2017 using iGAS patients for whom
homelessness was documented as the numerator, and annual point-in-time estimates from
the US Department of Housing and Urban Development (HUD) of PEH as the denominator
[20]. We estimated the number of iGAS patients with IDU or who were homeless in the
United States (numerators) for the same years that relevant denominator data were available.
We calculated the percent of iGAS patients identified by ABCs with documented IDU or
homelessness during the year and multiplied this by the national estimate of iGAS cases for
that year. We compared estimated iGAS incidence among PWID and among PEH to iGAS
incidence among iGAS patients without documented IDU or homelessness, respectively, in
medical charts.

This project was reviewed in accordance with CDC human research protection procedures
and determined to be nonresearch, public health surveillance.

RESULTS

Demographic Characteristics

During 2010-2017, 12 368 cases of iGAS infection were reported: 683 (5.5%) in PWID,
531 (4.3%) in PEH, and 365 (2.9%) in patients with both risk factors. The iGAS patients
with documented homelessness were more often male (77%) compared to other risk groups
(Table 2). Nearly half of iGAS patients with documented IDU only were aged 18-34 years;
>50% of iGAS patients with documented homelessness only were 50-64 years of age.

Most iIGAS patients were non-Hispanic white, reflecting the underlying population. Patients
with documented IDU, homelessness, or both were more likely to receive Medicaid (60.5%—
70.9%) or lack health insurance (12.1%-16.7%) than those with no risk factor (28.9% and
5.3%, respectively). Most iGAS patients in every group were hospitalized for their infection
(94.7%-96.6%). The case fatality ratio was highest (10.6%) among those with neither risk
factor; 5.7% among those with documented IDU only; 5.3% among those with documented
homelessness only; and lowest (0.8%) among those for whom both IDU and homelessness
were documented (P-value for each risk group compared to those with neither risk factor:
<.001).

ABC:s sites with highest prevalence of documented IDU among iGAS patients included
San Francisco Bay area, California (7.0%); the Baltimore, Maryland area (12.7%); New
Mexico (9.7%); and the Portland, Oregon area (8.1%) (Table 1). Documented homelessness
was most common in the San Francisco Bay area (13.0%); Denver, Colorado (8.7%); and
Portland, Oregon (8.7%).

Clin Infect Dis. Author manuscript; available in PMC 2022 March 22.
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Clinical Syndromes and Comorbidities

Cellulitis was more prevalent among iGAS patients with documented IDU or homelessness
(range, 48.2%-55.5%) than patients with neither risk factor (39.8%) (Table 3). Abscess was
more frequent among those with both risk factors (16.7%) and with documented IDU only
(13.8%) compared to those with neither risk factor (6.9%). Those with documented IDU
only were 10 times more likely to be diagnosed with endocarditis than other groups (see
Table 3). The iGAS patients with documented homelessness were approximately 2 times
more likely to be diagnosed with osteomyelitis than other groups. Septic shock, meningitis,
and pneumonia were most common among iGAS patients with neither risk factor.

Several chronic underlying conditions (eg, diabetes, obesity, coronary artery disease, chronic
renal disease, solid malignancies) were most common among iGAS patients with neither
risk factor. Acute skin breakdown, however, was twice as likely in iGAS patients with
documented IDU only (46.3%) and both risk factors (46.6%) than among those with neither
(19.2%). Alcohol abuse (42.6%) and chronic liver disease (16.0%) were more frequent
among PEH only than the other 3 groups. HIV infection was 5 times more likely to be a
comorbidity among those with both IDU and homelessness documented (8.6%) compared
to those with neither risk factor (1.7%). Current smoking and other drug use were more
common among those with documented IDU, homelessness, or both (44.8%—73.4%) than
those with neither risk factor (15.6%).

Trends Over Time

IDU and homelessness prevalence among iGAS patients increased significantly during
2010-2017. Prevalence of IDU only among iGAS patients had an average annual increase of
17.5% (P < .001) (Figure 1). Prevalence of homelessness only among iGAS patients had an
average annual increase of 20.0% (P < .001). Prevalence of both IDU and homelessness had
the largest increase—35.3% (P < .001). In 2017, the prevalence of IDU only, homelessness
only, and both risk factors among iGAS patients was 8.7%, 5.8%, and 6.1%, respectively.
All sites except California and New York observed statistically significant yearly increases
from 2010 to 2017 in prevalence of IDU, homelessness, and both (Supplementary Figure 1
and Table 1).

Rate Estimates

The estimated US rate of iGAS infection among people aged =13 years who injected drugs
in the previous year was approximately 52/100 000 in 2011, nearly 14 times the rate among
people without documented IDU in the same year (3.8/100 000) (Supplementary Table 3).
The estimated rate of iGAS infection among PEH in the United States was nearly 55/100
000 people in 2010, with a 9-fold increase to 511/100 000 people in 2017. Rates of iGAS
infection among those without documented homelessness doubled (from 3.2 to 6.4/100 000
population from 2010 to 2017).

Emm Sequence Typing

GAS isolates were available for typing for 83% of cases. The 17 most common emm
types accounted for 80.2%-83.6% of cases across all 4 groups. Distributions of specific
types, however, varied by risk group (Figure 2). Among those with neither risk factor, the
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most common emm types were 1, 89, 12, and 28 (cumulatively 49% of isolates). Among
those with documented IDU only, the most common emm types were 92, 89, 82, 49, and
1 (cumulatively 44% of isolates). Among iGAS patients with documented homelessness
only, the most common emm types were 49, 82, 92, and 59 (cumulatively 57% of isolates).
Emm&2 comprised only 3.4% of isolates among iGAS patients with neither risk factor but
was more frequent among iGAS patients with documented IDU only (9.2%) and iGAS
patients with documented homelessness only (17.1%) (Supplementary Table 2). Similarly,
emm92 comprised only 2.4% of isolates among iGAS patients with neither risk factor

but was >5 times as common among iGAS patients with documented IDU only (14.2%)
or homelessness only (13.4%), and among those with documentation of both risk factors
(13.3%). Most emm types commonly found among iGAS patients with documented IDU
only or homelessness only were part of the E emm cluster (E2, E3, E4, E6) [17, 18].

DISCUSSION

Using robust population-based data, we documented recent increases in severe iGAS
infections among 2 high-risk populations. Concurrent with an overall 81% increase in the
rate of iGAS infections in the United States during 2010-2017, the prevalence of IDU,
homelessness, and both among iGAS patients increased annually by 17.5%, 20.0%, and
35.3%, respectively [1, 2].In 2017, iGAS patients with documented IDU or homelessness
accounted for approximately 21% of iGAS infections reported through ABCs. In 2011, the
estimated rate of iGAS infection was approximately 14 times greater among PWID than
those without documented IDU. In 2017, rates of iGAS infection were approximately 80
times greater among PEH than those without documented homelessness. In our study, GAS
strains in patients with documented IDU or homelessness differed substantially from those
among patients without such risk factors, suggesting expansion of selected GAS strains
within these vulnerable populations.

The predominance of skin infections, such as cellulitis and abscesses, among patients with
documented IDU or homelessness has also been noted in investigations of GAS outbreaks
among these at-risk populations and through iGAS infection surveillance in Europe and
Canada [8-11, 21-27]. These common manifestations and higher prevalence of acute skin
breakdown (ie, breakdown from recent surgery, varicella, penetrating or blunt trauma,
surgical wounds, or burns) suggest that broken skin is a prominent route of acquiring GAS
infection in these populations. PEH have been shown to have increased skin breakdown due
to poor hygiene, exposure to extreme temperatures, and trauma from fights or falls [28].
Approximately 1 in 5 PEH develop foot problems due to repeated trauma and standing for
long periods, increasing risk for venous stasis, and lower extremity edema [28].

In our study, these high-risk iGAS patients were more likely to have chronic liver disease
and HIV infection, and to smoke, use other drugs, and abuse alcohol. In a 2009 outbreak
caused by a tetracycline-resistant GAS clone in France, most patients were young men who
presented with infections secondary to skin injuries or abscesses and who had risk factors
such as alcohol abuse, homelessness, drug use, hepatitis C infection, and HIV infection [23].

Clin Infect Dis. Author manuscript; available in PMC 2022 March 22.
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Other studies have also reported lower case fatality ratios (CFRs) among patients who
reported IDU than those who did not report IDU [22, 27, 29]. This lower mortality observed
both among homeless iGAS patients and those injecting drugs is likely a result of these
patients being younger and presenting less frequently with disease manifestations associated
with higher CFRs (eg, septic shock, meningitis, pneumonia) than patients with neither risk
behavior [30]. Also, 2 emm types that are common in the United States (ermm1, emm3) and
are independently associated with higher fatality and severe disease (eg, STSS, necrotizing
fasciitis) are disproportionately rare among patients with IDU or homelessness [27, 30].
Although these high-risk iGAS patients were found to have lower CFRs than patients with
neither risk factor, the 10-fold increased frequency of endocarditis among iGAS patients
with documented IDU and 2-fold increased risk of osteomyelitis among iGAS patients

with documented homelessness suggest that a subset of these patients will need long-term
antibiotic treatment and other interventions, including surgery.

The emm types that are substantially more common among iGAS patients with documented
IDU or homelessness were all part of the E emm cluster (E2—E6) pattern, suggesting that
these strains may have a predilection for skin infections [17, 18]. The predominance we
observed of relatively uncommon emm types among PWID and/or PEH is consistent with
findings from Canada and Europe. Published outbreaks among these risk groups have been
caused by emergence of a specific emmtype, including emm25.2 (PWID in Spain), emm83
(PWID in the United Kingdom) emm44 (PEH in France), emm32.2 (Liverpool, United
Kingdom), emm66 (United Kingdom), and emm 74 (Toronto, Ontario) [7, 10, 22-25, 29,
31, 32]. In emm59 outbreaks in Canada and Arizona, United States, homelessness and IDU
were common [7, 10, 22-25, 29, 31, 32].

Increases in other infections associated with IDU have recently been reported in the United
States. Methicillin-resistant Staphylococcus aureus (MRSA) surveillance identified a steady
increase in the proportion of invasive MRSA cases among PWID, from 4.1% to 9.2%
during 2011-2016 [33]. Surveillance of viral hepatitis identified a 3.5-fold increase in cases
of acute hepatitis C infections from 2010 to 2016 associated with rising rates of IDU [34—
36]. In 2015, an outbreak of HIV infection occurred among young, white men who were
syringe-sharing partners, facilitated rapid transmission of HIV [37].

It is unclear what proportion of the overall increase in GAS incidence from 2010 to 2017
can be attributed to IDU and homelessness. We do not know if the increase in the proportion
of patients with GAS infections with documentation of one or both of these risk factors
represents a change in the rate of GAS infections among these groups. It could reflect an
increase in the size of the population of PWID or PEH in ABCs sites, although HUD data
suggest that homelessness in the United States decreased during this interval [20]. Annual
estimates of the number of PWID in the United States using consistent methodology could
help address this question [38].

The increase in prevalence of IDU among iGAS patients could be due to increases in
predisposing factors (eg, unsafe injection practices, poor hygiene, skin breakdown). Studies
in other countries have produced conflicting results. In Switzerland, no differences between
cases and controls in sharing of paraphernalia or type of shelter were noted [21]. However,

Clin Infect Dis. Author manuscript; available in PMC 2022 March 22.
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in Spain, PWID with GAS infection reported a higher number of injections per day (odds
ratio [OR] 18.8), more frequently shared paraphernalia (OR 11.1), and were more likely to
purchase substances at a specific location (OR 33.9) or from a specific dealer (OR 72.0) than
PWID who did not have GAS infection [22]. Increases in prevalence of known risk factors
(eg, skin breakdown, coinfection with HIV or hepatitis C) among PWID or PEH might

have increased their susceptibility to iGAS infection, leading to an increased incidence of
iGAS over time. For example, PWID might have increased skin breakdown from changes in
injection practices. Alternatively, the increase might be partially related to the expansion of
a limited number of relatively uncommon emm types among these iGAS patients, as noted
in investigations in other countries [25, 27]. Similar to the general population, iGAS patients
with documented IDU or homelessness may have developed long-lasting immunity to emm
types most common in the United States (eg, emm 1, 3, 12) during childhood when their
immune systems were healthy; relatively uncommon strains may now be spreading among
these patients with generally poor immune status and no immunity from prior exposure.

There are several limitations to our analysis. First, in ABCs, patient information is obtained
from medical record review; IDU and homelessness might not be accurately documented,
likely resulting in underestimation of the proportion of iGAS patients with these risk factors.
Second, the 2016 change in ABCs’ definition of homelessness may have contributed to the
increase in prevalence of homelessness among patients with iGAS infection in that year.
Third, we do not have concurrent estimates of the denominator of PWID and of PEH that
exactly match the ABCs catchment populations, limiting our ability to precisely estimate
iGAS infection rates among these populations.

Effective prevention measures that reduce morbidity associated with invasive GAS infection
among patients with documentation of IDU and experiencing homelessness are greatly
needed. A proposed 30-valent M-protein-based GAS vaccine that includes most emm

types causing disease among these high-risk populations is still under development [39].
Healthcare providers can connect patients with iGAS infection who report IDU to harm
reduction services, such as syringe service programs or medication-assisted treatment, and
iGAS patients experiencing homelessness to local community outreach programs [40].
Educating patients at risk for iGAS infection on good skin care, general hygiene, safe
injection practices, and early signs and symptoms of infection could also help to prevent
invasive GAS infections.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Prevalence of Injection Drug Use (IDU), Homelessness, or Both Among iGAS Patients--

Active Bacterial Core surveillance, 2010-2017. Dotted lines indicate average annual
increase in prevalence of the risk factor. Solid lines indicate percent of cases for which
the risk factors was noted, by year.
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Comparison of predominant emm type distribution among iGAS patients--Active Bacterial
Core surveillance, 2010-2017. Oth: other emm types.
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